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(57) ABSTRACT 

A data communication device Which includes a ?ash 
memory, a primary buffer region in the ?ash memory Which 
has time-sequential information stored therein from earliest 
to, an auxiliary buffer region in the ?ash memory Which 
receives and stores primary-buffer storage information to be 
stored in the primary buffer region during a ?rst condition of 
the data communication device When the information stored 
in the primary buffer region is not alloWed to be updated, and 
an information-storage control unit Which, When the 
primary-buffer storage information is stored in the auxiliary 
buffer region and during a second condition of the data 
communication device When updating of the information in 
the primary buffer region is alloWed, reads information 
having a siZe not more than the storage capacity of the 
primary buffer region from the information stored in said 
primary buffer region and the auxiliary buffer region, and 
Which re-stores the information that has been read in the 
primary buffer region. 

19 Claims, 3 Drawing Sheets 
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FIG. 1 /50 
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DATA COMMUNICATION DEVICE HAVING 
A BUFFER IN A NONVOLATILE STORAGE 

DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to data management in a 
data communication device such as a PHS (Personal Handy 
phone System). 

2. Description of the Related Art 
FIG. 2 shoWs the construction of the main components of 

a typical data communication device 1. The data commu 
nication device 1 includes an antenna 2, a radio frequency 
unit (RFU) 3, a baseband IC (BBIC) 4, a CPU (Central 
Processing Unit) 5, a RAM (Random Access Memory) 6, a 
?ash memory 7, an EEPROM (Electrically Erasable Pro 
grammable Read-Only Memory) 8, and a DTE I/F (Data 
Terminal Equipment Interface) 9. 
When the antenna 2 receives a signal, the data commu 

nication device 1 causes the RFU 3 and the BBIC 4 to eXtract 
various predetermined information (data) from the received 
signal and output the data to the CPU 5. The CPU 5 performs 
various functions based on the information. 
When the data communication device 1 transmits 

information, the CPU 5 outputs the desired information to 
the BBIC 4. The BBIC 4 and the RFU 3 cause the infor 
mation to be carried on a transmission signal and then to be 
transmitted from the antenna 2. 
As shoWn in FIG. 2, the data communication device 1 is 

provided With three types of storage devices, namely RAM 
6, ?ash memory 7, and an EEPROM 8. When necessary, the 
CPU 5 controls these storage devices so as to Write infor 
mation to such storage devices or read information there 
from. 

The ?ash memory 7 is a nonvolatile storage device Which 
alloWs information to be retained even While poWer is not 
applied. The ?ash memory 7 is basically divided into a 
program storage region 7a for storing a communication 
program and the like for the data communication device 1 
therein and a data storage region 7b for storing information 
(data) therein. The data storage region 7b is divided into a 
plurality of sectors 10, 10a, each of Which can store at least 
one piece of information therein. 

The EEPROM 8 is a nonvolatile storage unit in Which a 
buffer 11 is formed. The buffer 11 is used, for eXample, for 
sequentially storing predetermined information (buffer stor 
age information) such as the result of computations Which 
are continuously made in accordance With operation of the 
CPU 5. 

FIG. 3 shoWs an eXample con?guration of the buffer 11. 
As shoWn in FIG. 3, a plurality of storage units R is formed 
in the buffer 11 by sectioning the buffer 11. Each storage unit 
R contains one piece of information. The order of storage of 
buffer storage information in each storage unit R is prede 
termined. For eXample, When buffer storage information 
Datal occurs in accordance With the operation of the CPU 
5 or the like, the buffer storage information Datal is stored 
in a ?rst storage unit R1. When buffer storage information 
Data2 occurs, the buffer storage information Data2 is stored 
in a storage unit R2, Which is neXt to the unit R1. When 
buffer storage information Data3 occurs, the buffer storage 
information Data3 is stored in a storage unit R3, Which is 
neXt to the unit R2. 

Thus, the buffer storage information Datal, Data2, Data3, 
etc. are sequentially stored in the storage units R1, R2, R3, 
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2 
etc., respectively, in accordance With order of occurrence of 
the buffer storage information Data. Finally, a storage unit 
31,643 stores buffer storage information DataN therein. 
Storage unit 31,643 is the last storage unit in the buffer 11. 
When storage of another buffer storage information is 
required, storage occurs in the ?rst storage unit R1 again. In 
the above-described manner, subsequent buffer storage 
information is stored in the storage units R2, R3, etc. in 
accordance With the order of occurrence of the information. 
When buffer storage information is stored in a storage unit 
R Which already contains information, the storing operation 
is hereinafter referred to as an updating operation. 

As described above, the buffer 11 is provided in the 
EEPROM 8. HoWever, in order to achieve faster processing 
as Well as to hold information stored in the buffer even While 
the poWer is off, the buffer 11 can be provided in the ?ash 
memory 7. 

When the buffer 11 is provided in the ?ash memory 7, one 
sector 10a among a plurality of sectors 10 in the ?ash 
memory 7 serves as the buffer 11. HoWever, the folloWing 
problems can arise. 

Since a characteristic feature of the ?ash memory 7 is that 
information is deleted only sector by sector, it is impossible 
to delete one piece of information among a plurality of 
pieces of information stored in the buffer, i.e., in the sector 
10a. Accordingly, When the buffer 11 is provided in the ?ash 
memory 7, information already stored in the storage unit R 
of the buffer 11 is updated With neWly occurring buffer 
storage information in accordance With the folloWing pro 
cedure. 

For eXample, assume that the CPU 5 causes the storage 
unit R2 to update (replace) the buffer storage information 
Data2 therein With neW buffer storage information DataW. 
Initially, the CPU 5 reads all information stored in the buffer 
11 and Writes it in the RAM 6 (duplication). 

After all information is duplicated from the buffer 11 to 
the RAM 6, the information stored in the buffer 11 of the 
?ash memory 7 is deleted. Since the information stored in 
the RAM 6 can be deleted or modi?ed piece by piece (not 
sector by sector), the information Data2 is replaced by the 
buffer storage information DataW in RAM 6. Subsequently, 
the modi?ed duplicated information of the buffer 11 is read 
from the RAM 6 and is stored in the currently empty buffer 
11. 

Thus, the updating operation of the duplicated informa 
tion in the buffer 11 is completed. 
As described above, When the buffer storage information 

is updated in the buffer 11, all information stored in the 
buffer 11 must be deleted. Deletion of the information stored 
in the buffer 11 (the sector 10a) requires approximately one 
second. Furthermore, While the information is being deleted, 
no other processing (in other Words, no other tasks) can be 
performed, because the deletion of the information in the 
buffer 11 cannot be interrupted. This means that When the 
buffer 11 is provided in the ?ash memory 7, the information 
deleting operation of the buffer 11 cannot be performed, and 
therefore the buffer storage information stored in the buffer 
11 cannot be updated, While the data communication device 
1 is communicating. 
Due to this problem, it has up to noW been impractical to 

provide the buffer 11 in the ?ash memory 7. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a communication device in Which a buffer is formed 
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in a nonvolatile storage device such as a ?ash memory in 
order to achieve faster information processing. 

To this end, according to one aspect of the invention, a 
data communication device may comprise: 

a ?ash memory; 

a primary buffer region provided in the ?ash memory and 
having a plurality of pieces of information stored 
therein time-sequentially from an earliest piece of 
information to a latest piece of information; 

an auxiliary buffer region provided in the ?ash memory 
for receiving and storing pieces of primary-buffer stor 
age information to be stored in the primary buffer 
region in the auxiliary buffer region during a ?rst 
condition of the data communication device When the 
information stored in the primary buffer region is not 
alloWed to be updated; and 

an information-storage control unit for, When the primary 
buffer storage information is stored in the auxiliary 
buffer region and during a second condition of the data 
communication device When updating of the informa 
tion in the primary buffer region is alloWed, reading 
information having a siZe not more than the storage 
capacity of the primary buffer region from the primary 
buffer region and the auxiliary buffer region, and 
re-storing the information that has thus been read in the 
primary buffer region. 

According to this aspect of the invention, the primary 
information is stored in an auxiliary buffer in the ?ash 
memory, Without requiring a deleting operation, Which is 
advantageous since the deleting operation is not permitted 
during an information-updating invalid period of the infor 
mation stored in the primary buffer region, Which occurs for 
example When the data communication device is commu 
nicating. Hence, the invention can avoid the conventional 
problem in Which, since the information-updating operation 
requires an information deleting operation, the primary 
buffer storage information cannot be stored in the primary 
buffer during the information-updating invalid period of the 
information in the primary buffer region. The invention 
thereby permits the data communication device to have the 
buffer formed in the ?ash memory. 

Advantageously, a storage capacity of said auxiliary 
buffer region is greater than said storage capacity of said 
primary buffer region. 

In the data communication device according another 
aspect of the invention, When the primary-buffer storage 
information is stored in the auxiliary buffer region and 
during the second condition of the data communication 
device, the information-storage control unit is arranged to 
read unprocessed information from the primary buffer 
region and the auxiliary buffer region and then to re-store the 
read unprocessed information in the primary buffer region. 

According to a further aspect of the invention, the data 
communication device may comprise an information 
reading unit for reading information stored in the primary 
buffer region and the auxiliary buffer region When the 
primary-buffer storage information is stored in the auxiliary 
buffer region and When updating of the information in the 
primary buffer region is alloWed; an information-updating 
unit for deleting all the information stored in the primary 
buffer region and for storing the information read by the 
information-reading unit in the primary buffer region; and an 
auxiliary-buffer storage-preparing unit for, after the primary 
buffer storage information stored in the auxiliary buffer 
region is stored in the primary buffer region, deleting all the 
information stored in the auxiliary buffer region so as to be 
ready for further information storage. 
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4 
After updating the information in the primary buffer 

region is again alloWed, and information stored in the 
auxiliary buffer region is re-stored in the primary buffer 
region, the auxiliary-buffer storage-preparing unit deletes all 
the information stored in the auxiliary buffer region. Thus, 
the auxiliary buffer region having no information therein can 
be made ready for further primary buffer information When 
the data communication device is in the information 
updating invalid period of the information in the primary 
buffer region. 
As described above, during the information-updating 

invalid period of the information in the primary buffer 
region, When the primary-buffer storage information occurs, 
the primary-buffer storage information can be instantly 
stored in the auxiliary buffer storage unit Without requiring 
any information deleting operation to be performed. 

Moreover, advantageously, the information-updating unit 
and the auxiliary-buffer storage-preparing unit are arranged 
to carry out the deletion operation during an idle period of 
the data communication device, or during a series of such 
idle periods. Since information stored in the primary and 
auxiliary buffer regions can advantageously be deleted With 
out requiring a speci?c time or times to be set aside for 
deleting the information, the data communication device can 
be efficiently operated. 

In the data communication device, the storage capacity of 
the auxiliary buffer region is advantageously greater than the 
storage capacity of the primary buffer region, including a 
safety margin. Since a safety margin is provided in the 
capacity of the auxiliary buffer region, a situation can be 
avoided in Which, during the information-updating invalid 
period of information in the primary buffer region, the 
primary-buffer storage information cannot be stored in the 
auxiliary buffer region because there is not enough space to 
store the information in the auxiliary buffer region. 

Further aspects of the invention relate to methods of data 
management in a communication device. 

Other features and advantages of the invention Will be 
understood from the folloWing detailed description of an 
embodiment thereof, With reference to the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there is 
shoWn in the draWings an embodiment of the invention, it 
being understood, hoWever, that the invention is not limited 
to the precise arrangements and instrumentalities shoWn. 

FIG. 1 is a block diagram shoWing an embodiment 
according to the present invention; 

FIG. 2 is a block diagram shoWing main components of 
a prior art data communication device; and 

FIG. 3 is an illustration shoWing a prior art buffer. 

DETAILED DESCRIPTION OF AN 
EMBODIMENT OF THE INVENTION 

Referring noW to the draWing ?gures in Which like 
reference designators refer to like elements, there is shoWn 
in FIG. 1 a buffer 11 comprising a primary buffer region 12 
and an auxiliary buffer region 13 provided respectively in 
sectors 10a and 10b in a ?ash memory 7, and a CPU 50 
constructed as shoWn in FIG. 1. The construction of the 
present embodiment is substantially identical to that of the 
conventional data communication device shoWn in FIG. 2, 
With the exception of the arrangement of neW CPU 50 Within 
device 1 in place of prior art CPU 5. Components that are 
identical to corresponding components in FIG. 2 have the 
same reference numerals, and a repeated description thereof 
is omitted. 
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The primary buffer region 12 and the auxiliary buffer 
region 13, Which are provided in the ?ash memory 7, 
constitute a buffer 11 (see FIG. 3). The primary buffer region 
12 includes one sector 10a of the ?ash memory 7. As shoWn 
in FIG. 3, a plurality of storage units R is obtained by 
sectioning the primary buffer region 12. Although the aux 
iliary buffer region 13 is formed to have the same 
construction, the storage capacity thereof is advantageously 
greater than that of the primary buffer region 12. For 
example, the storage capacity of the auxiliary buffer region 
13 may correspond to the total of the amount of primary 
buffer storage information Which occurs during an 
information-update invalid period of the primary buffer 
region 12 (i.e., during a period in Which updating of infor 
mation stored in the primary buffer region 12 is disabled, for 
example, While the data communication device 1 is 
communicating), plus a margin of safety, and plus the 
capacity of the primary buffer region 12. 

In the present embodiment, the CPU 50 is constructed so 
as to control storage of information in the primary buffer 
region 12 and the auxiliary buffer region 13. That is, as 
shoWn in FIG. 1, the CPU 50 includes a buffer-information 
storage-instruction unit 15, a CPU-operation monitoring unit 
16, an information-storage control unit 17, an information 
updating unit 18, an auxiliary-buffer storage-preparing unit 
20, an information-reading unit 21, an information 
modifying unit 22, an information-Writing unit 23, a deleting 
unit 24, and a buffer-capacity control unit 25. 

The CPU-operation monitoring unit 16 is arranged to 
monitor operations of the CPU 50. The buffer-information 
storage-instruction unit 15 is arranged to output primary 
buffer storage information to the information-storage control 
unit 17 as an information storage instruction When prede 
termined primary-buffer storage information, such as the 
result of a computation, occurs. 

The information-storage control unit 17 controls an 
information-storage operation to store the primary-buffer 
storage information in the primary buffer region 12 or the 
auxiliary buffer region 13. For example, the information 
storage control unit 17 functions as folloWs. 

When the buffer-information storage-instruction unit 15 
outputs the primary-buffer storage information to the 
information-storage control unit 17, the information-storage 
control unit 17 determines via the information-reading unit 
21 Whether there is an empty storage unit R in the primary 
buffer region 12 of the ?ash memory 7. 
When the information-storage control unit 17 determines 

that there is an empty storage unit R, it outputs the primary 
buffer storage information to the information-Writing unit 
23. The information-Writing unit 23 stores the primary 
buffer storage information in the empty storage unit R. Thus, 
the storage of primary-buffer storage information is com 
pleted. 
On the other hand, When the information-storage control 

unit 17 determines that there is no empty storage unit R in 
the primary buffer region 12, the primary-buffer storage 
information in the primary buffer region 12 is updated . 

The information-storage control unit 17 obtains monitor 
ing information from the CPU-operation monitoring unit 16 
and determines, based on the monitoring information, 
Whether the data communication device 1 is in the 
information-updating invalid period of the primary buffer 
region 12. When the data communication device 1 is deter 
mined not to be in the invalid period, the information 
storage control unit 17 causes the information-reading unit 
21, the information-modifying unit 22, and the information 
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Writing unit 23 to be activated in order to update the 
primary-buffer storage information in the primary buffer 
region 12. 

In particular, the information-storage control unit 17 
outputs a read instruction to the information-reading unit 21. 
The information-reading unit 21 reads all information stored 
in the primary buffer region 12 in accordance With the read 
instruction and outputs the information to the information 
Writing unit 23. The information-storage control unit 17 
outputs a Write instruction to the information-Writing unit 
23. The information-Writing unit 23 Writes (duplicates) the 
information output from the information-reading unit 21 to 
the RAM 6 in accordance With the Write instruction. 

Thus, after all information stored in the primary buffer 
region 12 is duplicated in the RAM 6, the information 
storage control unit 17 outputs primary-buffer storage infor 
mation to the information-modifying unit 22 and outputs a 
delete instruction to the deleting unit 24. The information 
modifying unit 22 modi?es the duplicated primary-buffer 
storage information stored in the RAM 6. The deleting unit 
24 deletes all information stored in the primary buffer region 
12 in accordance With the delete instruction. 

After information modi?cation by the information 
modifying unit 22 and information deletion by the deleting 
unit 24 are completed, the information-storage control unit 
17 causes the information-reading unit 21 to read the modi 
?ed duplicated information of the primary buffer region 12 
stored in the RAM 6. The information-Writing unit 23 stores 
the modi?ed duplicated information in the empty primary 
buffer region 12. Thus, When the data communication device 
1 is determined to be in the information-updating valid 
period (state) of the primary buffer region 12, the updating 
operation of the duplicated information of the primary buffer 
region 12 in the primary buffer region 12 is completed. 
When the data communication device 1 is determined to 

be in the information updating invalid period (state) of the 
primary buffer region 12, the information-storage control 
unit 17 controls the storage operation of the primary-buffer 
storage information as folloWs. For example, When (1) there 
is no empty storage unit R in the primary buffer region 12; 
(2) the information-storage control unit 17 detects, based on 
the monitoring information of the CPU-operation monitor 
ing unit 16, that the CPU 5 is in the information-updating 
invalid period of the buffer region 12; and (3) there is 
primary-buffer storage information to be stored, the 
information-Writing unit 23 stores the primary-buffer stor 
age information in the auxiliary buffer region 13. 
When the primary-buffer storage information is stored in 

the auxiliary buffer region 13, and When the information 
storage control unit 17 detects, based on the monitoring 
information of the CPU-operation monitoring unit 16, that a 
transition from the information-updating invalid state to the 
information-updating valid state of the primary buffer region 
12 occurs, the information-storage control unit 17 outputs an 
information-sorting start instruction to the information 
updating unit 18. In accordance With this instruction, the 
information-updating unit 18 causes the information-reading 
unit 21, the information-Writing unit 23, and the deleting 
unit 24 to store information having a siZe equal to the storage 
capacity of the primary buffer region 12 in the primary 
buffer region 12 in chronological order starting from the 
latest information among information stored in the primary 
buffer region 12 and the auxiliary buffer region 13. 

To be speci?c, in accordance With the information-sorting 
start instruction, the information-updating unit 18 causes the 
information-reading unit 21 to read information having a 
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size equal to the storage capacity of the primary buffer 
region 12 from the information stored in the primary buffer 
region 12 and the auxiliary buffer region 13. If the siZe of 
information stored in the auxiliary buffer region 13 is more 
than the storage capacity of the primary buffer region 12, 
only information having a siZe Which is equal to the storage 
capacity of the primary buffer region 12 is read from the 
information stored in the auxiliary buffer region 13. 

If the siZe of the information stored in the auxiliary buffer 
region 13 is less than the storage capacity of the primary 
buffer region 12, additional information is read from the 
information stored in the primary buffer region 12, so that 
the total of the siZe of all information stored in the auxiliary 
buffer region 13, plus the siZe of the information stored in 
the primary buffer region 12 that has been read, equals the 
storage capacity of the primary buffer region 12. 

The information-reading unit 21 outputs the information 
read in the above-described manner to the information 
Writing unit 23. Moreover, the information-updating unit 18 
outputs the Write instruction to the information-Writing unit 
23 to cause the read information to be duplicated in the 
RAM 6. 

The information-updating unit 18 outputs the delete 
instruction to the deleting unit 24 in accordance With the 
information-sorting start instruction. The deleting unit 24 
periodically obtains the monitoring information from the 
CPU-operation monitoring unit 16 and determines, based on 
the monitoring information, Whether the data communica 
tion device 1 is idle. After the deleting unit 24 receives the 
delete instruction from the information-updating unit 18, the 
deleting unit 24 can delete information stored in the primary 
buffer region 12. HoWever, the deletion occurs only during 
a period in Which the data communication device 1 is 
determined to be idle. 

An idle period of the data communication device 1 is 
normally suf?ciently longer than the time required to delete 
all information stored in the primary buffer region 12. 
Hence, the deleting unit 24 can usually delete all information 
stored in the primary buffer region 12 during one idle period. 
HoWever, When short idle periods occur intermittently, all 
information stored in the primary buffer region 12 cannot be 
deleted during one idle period. In this case, the information 
is deleted over several idle periods. 
When the information-updating unit 18 detects that the 

deleting unit 24 has deleted all information stored in the 
primary buffer region 12, the information-reading unit 21 
reads from the RAM 6 either duplicated primary buffer 
region 12 information and auxiliary buffer region 13 
information, or duplicated auxiliary buffer region 13 
information, and the information-Writing unit 23 stores the 
duplicated information in the empty primary buffer region 
12. 

Thus, the information-updating unit 18 re-stores informa 
tion having a siZe equal to the storage capacity of the 
primary buffer region 12 in the primary buffer region 12 
from the information stored in the primary buffer region 12 
and the auxiliary buffer region 13, Whereby sorting of 
information stored in the buffer 11 is completed. 

Information is read and processed by a computing unit 55 
in the CPU 50 from the information stored in the primary 
buffer region 12 and the auxiliary buffer region 13, in 
chronological order starting from the oldest information 
(FIFO). The buffer-information reading instruction unit 65 
reads data from the buffer region in response to an instruc 
tion issued by the computing unit 55. The read-out data is 
forWarded to the computing unit 55. Similarly, the comput 
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8 
ing unit 55 issues an instruction to the buffer-information 
storage instruction unit 15 in order to store the result of a 
computation in a buffer. Thus, the computing unit 55 con 
trols both the information-storage control unit 17 and the 
buffer-information storage-instruction unit 15. 

Accordingly, if the total of the siZe of unprocessed infor 
mation stored in the primary storage buffer 12 and that of 
unprocessed information stored in the auxiliary storage 
buffer 13 exceeds the storage capacity of the primary buffer 
region 12, sorting of information stored in the buffer 11 
Would lead to a serious problem in that some necessary 
information Would be deleted. (The term “processed” refers 
to information that has been taken out of the FIFO buffer for 
use by the CPU for performing computations. “Unproc 
essed” information is information that has not yet been taken 
out of the buffer by the CPU.) 

If it is detected that the primary-buffer storage informa 
tion is stored in the auxiliary buffer region 13, based on 
operation information of the information-storage control 
unit 17, the buffer-capacity control unit 25 monitors the 
amount of unprocessed information among information 
stored in the primary buffer region 12 and the auxiliary 
buffer region 13. When the buffer-capacity control unit 25 
determines that the amount of unprocessed information is 
about to exceed the capacity of the primary buffer region 12, 
it prevents additional primary-buffer storage information 
from being Written in the auxiliary buffer region 13. 
Accordingly, the buffer-capacity control unit 25 can avoid 
the foregoing problem in Which some necessary information 
may be deleted When information in the buffer 11 is sorted. 

After detecting, based on the control operation of the 
information-updating unit 18, that sorting of information in 
the buffer 11 is completed, the auxiliary-buffer storage 
preparing unit 20 causes the deleting unit 24 to delete 
information stored in the auxiliary buffer region 13. 
When information stored in the auxiliary buffer region 13 

is deleted, the deleting unit 24 deletes information in the 
auxiliary buffer region 13 in the same manner as the deletion 
in the primary buffer region 12 during idle periods of the 
data communication device 1. This causes the auxiliary 
buffer region 13 to be ready for another information storage 
action. 

According to the present embodiment, the primary buffer 
region 12 and the auxiliary buffer region 13 are provided in 
the ?ash memory 7. When the data communication device 1 
is idle and When there is no empty storage unit R in the 
primary buffer region 12, the primary-buffer storage infor 
mation is arranged to be stored in the auxiliary buffer region 
13. Furthermore, the auxiliary-buffer storage-preparing unit 
20 is arranged to delete information stored in the auxiliary 
buffer region 13 so that the auxiliary buffer region 13 is 
ready for further information storage during the information 
updating invalid period of the primary buffer region 12. 

The above-described arrangement enables the primary 
buffer storage information to be stored in the primary buffer 
region 12 or the auxiliary buffer region 13 during the 
information-updating invalid period of the primary buffer 
region 12 Without performing a time-consuming information 
deletion operation. Hence, the invention solves the forego 
ing problem of the inability of the primary-buffer storage 
information to be stored in the buffer during the information 
updating invalid period of the primary buffer region 12. 

Information in the primary buffer region 12 and that of the 
auxiliary buffer region 13 are arranged to be deleted during 
idle periods of the data communication device 1. 
Accordingly, information to be deleted can be deleted during 
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periods in Which no other processing is performed, Without 
requiring a speci?c time for the information deleting opera 
tion to be arranged. Therefore, the present invention advan 
tageously allows the CPU 50 to operate ef?ciently. 

Since the storage capacity of the auxiliary buffer region 13 
is arranged to be greater than that of the primary buffer 
region 12, in order to avoid a situation in Which no empty 
storage unit for storing the primary-buffer storage informa 
tion therein is available in the auxiliary buffer region 13 
during the information-updating invalid period of the pri 
mary buffer region 12, the primary-buffer storage informa 
tion can be reliably stored in the auxiliary buffer region 13. 

Thus, the invention enables a ?ash memory to be used to 
form a primary buffer 12, and further, the buffer can be used 
as a FIFO buffer. In the prior art, using a conventional RAM, 
old information Which has already been used by a CPU can 
be overWritten by neW information. The CPU can read the 
data out in chronological order starting from the oldest 
information to realiZe a FIFO process. HoWever, such over 
Writing is not practical in a ?ash memory. The appropriate 
Way to change the contents of a ?ash memory is to collec 
tively delete all data in a section of the ?ash memory. Thus, 
it has not been practical to use a ?ash memory as a FIFO 
buffer. To address .this problem, the invention provides tWo 
buffers in a ?ash memory. When neW data is to replace data 
in a FIFO buffer, the neW data is ?rst stored in an auxiliary 
buffer, for example. (If the primary buffer is available, the 
neW data may be stored directly in the primary buffer.) Then, 
the CPU Waits until the primary buffer becomes accessible. 
Upon detecting the accessible state of the primary buffer, 
unprocessed data from the primary buffer is moved to an 
external RAM, for example. Further, the neW data, Which the 
CPU has not yet accessed, is also moved to the RAM and is 
merged With the data Which had been moved from the 
primary buffer. Finally, the merged data is moved from the 
RAM to the primary buffer. By this process, the processed 
data in the primary buffer, Which is no longer needed, is 
overWritten. 

The present invention is not limited to the above 
described embodiment and it may take various alternate 
forms. For example, although in the described embodiment 
information read from the primary buffer region 12 or the 
auxiliary buffer region 13 is temporarily stored in the RAM 
6, the information may instead be stored in the EEPROM 8 
or in built-in memory of the CPU 50. 

In the described embodiment, the storage capacity of the 
auxiliary buffer region 13 is arranged to be greater than that 
of the primary buffer region 12. HoWever, if a pre-calculable 
storage capacity of the primary-buffer storage information 
occurring during the information-updating invalid period of 
the primary buffer region 12 is suf?ciently less than the 
capacity of the primary buffer region 12, for example, the 
storage capacity of the auxiliary buffer region 13 may be less 
than that of the primary buffer region 12. 

Although the auxiliary buffer region 13 is formed using 
one sector 10b in the present embodiment, the auxiliary 
buffer region 13 may be formed using more than one sector. 

When information is stored in the auxiliary buffer region 
13 and When a transition from the information-updating 
invalid state to the information-updating valid state of the 
primary buffer region 12 occurs, information having a siZe 
equal to the storage capacity of the primary buffer region 12 
is read from the information stored in the primary buffer 
region 12 and the auxiliary buffer region 13 and it is 
re-stored in the primary buffer region 12. Alternatively, only 
unprocessed information (necessary information) from 
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10 
among the information stored in the primary buffer region 12 
and the auxiliary buffer region 13 may be read and re-stored 
in the primary buffer region 12. The buffer-capacity control 
unit 25 controls the amount of the unprocessed information 
so that the amount of unprocessed information remains less 
than the capacity of the primary buffer region 12. 

In addition, an example has been described in Which a 
PHS is employed as the data communication device 1. 
HoWever, the present invention can be applied to a data 
communication device other than a PHS. 

Although the present invention has been described in 
relation to particular embodiments thereof, many other 
variations and modi?cations and other uses Will become 
apparent to those skilled in the art. Therefore, the present 
invention is not limited by the speci?c disclosure herein. 
What is claimed is: 
1. A data communication device comprising: 
a ?ash memory; 

a primary buffer region provided in said ?ash memory and 
having a plurality of pieces of information stored 
therein time-sequentially from an earliest piece of 
information to a latest piece of information; 

an auxiliary buffer region provided in said ?ash memory 
for receiving and storing pieces of primary-buffer stor 
age information to be stored in said primary buffer 
region in said auxiliary buffer region during a ?rst 
condition of said data communication device When the 
information stored in said primary buffer region is not 
alloWed to be updated; and 

an information-storage control unit for, When the primary 
buffer storage information is stored in said auxiliary 
buffer region and during a second condition of said data 
communication device When updating of the informa 
tion in said primary buffer region is alloWed, reading 
information having a siZe not more than the storage 
capacity of said primary buffer region from the infor 
mation stored in said primary buffer region and said 
auxiliary buffer region, and re-storing the information 
that has thus been read in said primary buffer region. 

2. A data communication device according to claim 1, 
Wherein a storage capacity of said auxiliary buffer region is 
greater than said storage capacity of said primary buffer 
region. 

3. A data communication device according to claim 1, 
Wherein, When the primary-buffer storage information is 
stored in said auxiliary buffer region and during said second 
condition of the data communication device, said 
information-storage control unit is arranged to read unproc 
essed information from the information stored in said pri 
mary buffer region and said auxiliary buffer region and then 
to re-store the read unprocessed information in said primary 
buffer region. 

4. A data communication device according to claim 3, 
Wherein a storage capacity of said auxiliary buffer region is 
greater than said storage capacity of said primary buffer 
region. 

5. A data communication device according to claim 3, 
further comprising: 

an information-reading unit for reading information from 
the information stored in said primary buffer region and 
said auxiliary buffer region When the primary-buffer 
storage information is stored in said auxiliary buffer 
region and When updating of the information in said 
primary buffer region is alloWed; 

an information-updating unit for deleting all the informa 
tion stored in said primary buffer region and for storing 
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the information read by said information-reading unit 
in said primary buffer region; and 

an auxiliary-buffer storage-preparing unit for, after the 
primary-buffer storage information stored in said auX 
iliary buffer region is stored in said primary buffer 
region, deleting all the information stored in said auX 
iliary buffer region so as to be ready for further infor 
mation storage. 

6. A data communication device according to claim 5, 
Wherein a storage capacity of said auxiliary buffer region is 
greater than said storage capacity of said primary buffer 
region. 

7. A data communication device according to claim 5, 
Wherein said information-updating unit and said auxiliary 
buffer storage-preparing unit are arranged to delete deletion 
information during an idle period of said data communica 
tion device. 

8. A data communication device according to claim 7, 
Wherein a storage capacity of said auXiliary buffer region is 
greater than said storage capacity of said primary buffer 
region. 

9. A data communication device according to claim 1, 
further comprising: 

an information-reading unit for reading information from 
the information stored in said primary buffer region and 
said auXiliary buffer region When the primary-buffer 
storage information is stored in said auXiliary buffer 
region and When updating of the information in said 
primary buffer region is alloWed; 

an information-updating unit for deleting all the informa 
tion stored in said primary buffer region and for storing 
the information read by said information-reading unit 
in said primary buffer region; and 

an auxiliary-buffer storage-preparing unit for, after the 
primary-buffer storage information stored in said auX 
iliary buffer region is stored in said primary buffer 
region, deleting all the information stored in said auX 
iliary buffer region so as to be ready for further infor 
mation storage. 

10. A data communication device according to claim 9, 
Wherein a storage capacity of said auXiliary buffer region is 
greater than said storage capacity of said primary buffer 
region. 

11. A data communication device according to claim 9, 
Wherein said information-updating unit and said auxiliary 
buffer storage-preparing unit are arranged to delete deletion 
information during an idle period of said data communica 
tion device. 

12. A data communication device according to claim 11, 
Wherein a storage capacity of said auXiliary buffer region is 
greater than said storage capacity of said primary buffer 
region. 

13. A method of storing information in a data communi 
cation device, comprising the steps of: 

providing a ?ash memory; 

de?ning a primary buffer region in said ?ash memory for 
receiving a plurality of pieces of information therein 
time-sequentially from an earliest piece of information 
to a latest piece of information; 

de?ning an auXiliary buffer region in said ?ash memory 
for receiving and storing pieces of primary-buffer stor 
age information to be stored in said primary buffer 
region in said auXiliary buffer region during a ?rst 
condition of said data communication device When the 
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information stored in said primary buffer region is not 
alloWed to be updated; and 

When the primary-buffer storage information is stored in 
said auXiliary buffer region and during a second con 
dition of said data communication device When updat 
ing of the information in said primary buffer region is 
alloWed, reading information having a siZe not more 
than the storage capacity of said primary buffer region 
from the information stored in said primary buffer 
region and said auXiliary buffer region; and 

re-storing the information that has thus been read in said 
primary buffer region. 

14. A method according to claim 13, Wherein a storage 
capacity of said auXiliary buffer region is greater than said 
storage capacity of said primary buffer region. 

15. A method according to claim 13, further comprising 
the steps of, When the primary-buffer storage information is 
stored in said auXiliary buffer region and during said second 
condition of the data communication device, reading 
unprocessed information from the information stored in said 
primary buffer region and said auXiliary buffer region, and 
then re-storing the read unprocessed information in said 
primary buffer region. 

16. A method according to claim 15, further comprising 
the steps of: 

reading information from the information stored in said 
primary buffer region and said auXiliary buffer region 
When the primary-buffer storage information is stored 
in said auXiliary buffer region and When updating of the 
information in said primary buffer region is alloWed; 

deleting all the information stored in said primary buffer 
region and storing the information read by said 
information-reading unit in said primary buffer region; 
and 

after the primary-buffer storage information stored in said 
auXiliary buffer region is stored in said primary buffer 
region, deleting all the information stored in said auX 
iliary buffer region so as to be ready for further infor 
mation storage. 

17. A method according to claim 16, comprising the step 
of deleting said information during an idle period of said 
data communication device. 

18. A method according to claim 13, further comprising 
the steps of: 

reading information from the information stored in said 
primary buffer region and said auXiliary buffer region 
When the primary-buffer storage information is stored 
in said auXiliary buffer region and When updating of the 
information in said primary buffer region is alloWed; 

deleting all the information stored in said primary buffer 
region and storing the information read by said 
information-reading unit in said primary buffer region; 
and 

after the primary-buffer storage information stored in said 
auXiliary buffer region is stored in said primary buffer 
region, deleting all the information stored in said auX 
iliary buffer region so as to be ready for further infor 
mation storage. 

19. A method according to claim 18, comprising the step 
of deleting said information during an idle period of said 
data communication device. 


